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ABSTRACT 
 
Empty Fruit Bunch (EFB) and Palm Press Fiber (PPF) are abundance of agricultural 
wastes. These fiber are basically incinerated and used in mulching purposes. Adsorption 
of methylene blue by using both of fiber is one way to increase the uses of them. 
Methylene blue is one of dyestuff that harmful to human and aquatic life. Effect of 
contact time, agitation speed and dosage of activated carbon is investigated. Activation 
the activated carbon using impregnated of KOH solution is used. Same ratio of fiber 
which is (1:1) (wt %) is prepared. The higher the contact time, the higher the amount of 
adsorption capacity obtained. At certain time there got the lower number of adsorption 
capacity because the contact time taken is not sufficient since the process of adsorption 
taking a long time to achieve the equilibrium. In term of agitation speed, 170 rpm of 
speed gave the highest adsorption capacity compared to 200 rpm and 700 rpm. 
According to Langmuir isotherm model, it is showed that 170 rpm gave 5.025 mg/g of 
adsorption capacity. It is because the Van der Waals forces are weak to bind the 
molecules. So, the molecules that already attracted to the molecules surface are 
desorbed back if the agitation speed too high. For dosage impact, the adsorption 
capacity decreased sharply with the increasing of adsorbent dosage because of the 
overlapping of adsorption site that cause the overcrowding of adsorbent particles.  
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ABSTRAK 
 
Buah Tandan Kosong (BTK) dan Serat Sabut Kelapa Sawit (SKS) ialah sejenis sisa 
daripada pertanian. Kedua-dua serat ni secara umumnya dibakar dan digunakan untuk 
penjagaan tumbuhan. Penyerapan metilena biru menggunakan kedua-dua serat ini 
adalah satu cara untuk meningkatkan penggunaan kedua-dua serat ni. Metilena biru 
ialah salah satu pewarna yang membahayakan manusia dan kehidupan air. Kesan 
perhubungan masa, kelajuan pengacauan dan jumlah karbon teraktif telah dikaji. Proses 
pengaktifan karbon teraktif menggunakan larutan KOH digunakan. Nisbah serat yang 
digunakan adalah sama iaitu (1:1) (wt %). Berdasarkan keputusan, semakin tinggi masa 
diambil, semakin tinggi jumlah kapasiti penyerapan. Pada sesetengah masa, terdapat 
penurunan jumlah kapasiti penyerapan kerana masa yang diambil tidak mencukupi 
sedangkan proses penyerapan memerlukan masa yang panjang untuk mencapai 
keseimbangan. Dari segi kelajuan pengacauan, kelajuan 170 rpm memberikan kapasiti 
penyerapan yang tertinggi berbanding 200 rpm dan 700 rpm. Berdasarkan model 
Langmuir isotherm, ia menunjukkan bahawa 170 rpm memberikan 5.025 mg/g jumlah 
kapasiti penyerapan. Hal ini kerana daya Van der Waals yang lemah untuk menyatukan 
molekul-molekul. Maka, molekul-molekul yang sudah tertarik ke molekul-molekul di 
permukaan akan didesorbsi kembali apabila kelajuan yang digunakan terlalu tinggi. 
Bagi keputusan jumlah karbon teraktif, kapasiti penyerapan berkurang dengan 
pertambahan jumlah karbon teraktif kerana pertindihan kawasan penyerapan yang 
menyebabkan kesesakan zarah-zarah adsorben. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 Background of Study 
 
 This study is about production of activated carbon (AC) from empty fruit bunch 
(EFB) fiber. In order to modify the AC, oil palm press fiber is also added with the EFB 
fiber. The AC produced then used in adsorption of methylene blue (MB) aqueous 
solution.  
 
 AC is carbon that constitute of many applications, one of which is used as an 
adsorbent for purification of water, air and other chemical products. This is possible due 
to highly porous nature of the solid. Furthermore, it consists of extremely large surface 
area to volume ratio. Surface area of AC is contained in micropores and mesopores. AC 
also known as high carbon but low inorganic contents material such as wood, lignite 
and coal (Lua and Guo, 2001). 
 
 One of the purposes of AC is works to remove contaminants from water which 
is called physical adsorption. AC comprised of carbon highly porous nature as said 
earlier. It provides a large surface area for contaminants or adsorbates to collect.  
 
 In other words, physical adsorption occurs because of all molecules utilizes 
attractive forces particularly the molecules at the surface of a solid or the pore walls of 
carbon, and these kind of surface molecules seek the other molecules to fasten to. The 
large internal surface area of carbon provided many attractive forces that work to attract 
the other molecules (Robert and Anthony). Therefore, contaminants in water are 
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adsorbed to the carbon‟s surface by surface attractive forces equivalence to gravitational 
force (Robert and Anthony). 
 
 Adsorption is a process by which AC removes substances from the water. In 
simple term, adsorption is “the collection of a substance onto the surface of adsorbent 
solids”. It is such one of removal process whereas the particles are bound to an 
adsorbent particle surface by either chemical or physical attraction. Additionally, 
adsorption is often confused with absorption.  
 
 Many researchers had reported that activated carbon produced by EFB mostly 
could absorb a lot of pollutants like methylene blue. Therefore, in this research the 
produced activated carbon is used to examine the potential application of activated 
carbon from EFB and palm-pressed fiber produced on removal of methylene blue which 
is known as pollutants.  
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1.2 Problem Statement 
 
 Methylene Blue (MB) is one of dyestuffs which harmful to human beings and 
hazardous to aquatic organisms. In fact, dye contamination in wastewater can lead to 
environmental problems. Other than that, AC is the most widely good adsorbent in 
removal of colour from textiles due to its effectiveness plus high adsorption capacity. 
However, AC uses is still limited because of high operating cost. EFB and PPF are 
categorized as the agricultural wastes that mostly incinerated in palm oil mill and used 
as fertilizer for the farmer used in their farms. Even nowadays a lot of research used 
EFB and PPF as raw materials, but the production of EFB and PPF are increasing each 
year. So, the number of unused EFB and PPF are also increasing.   
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1.3 Research Objectives 
 
 The aim of this research is to produce activated carbon from low cost 
agricultural waste which is EFB and palm-pressed fiber (PPF) in order to treat 
wastewater. 
 
i) To evaluate the effect of MB initial concentration by varying the speed, contact 
time and amount of AC 
 
ii) To study about the effectiveness of AC from EFB and oil palm press fiber in 
adsorption of MB with Langmuir isotherm models. 
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1.4 Scope of Study 
 
 In this research, the ratio of raw material used is equal which is (1:1) (wt %). 
The production of activated carbon is carried out by using chemical activation method. 
In chemical activation, thermal decomposition of the raw material impregnated with 
activating agents like Potassium Hydroxide (KOH) is carried out to accomplish 
carbonization and activation process. KOH is a chemical that classified as strong base 
when react in the water solution.  
 
 After the impregnation step, the AC sample is carbonized in the furnace by 
using nitrogen gas (N2) by fixed the carbonization temperature and time. The 
carbonization temperature of this activation process is fixed to 240 
o
C and two (2) hours 
are taken in this research. After carbonization process, the AC produced are washed 
with HCl and neutralized with distilled water several time until reached the pH 6 – 7.  
 
 This research also focuses on the effect of initial concentration of methylene 
blue in changes of agitation speed with various time and amount of AC used. Then, the 
adsorption performance is identified by using Langmuir isotherm model.  
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1.5 Rationale and Significance of Study 
 
 In 1990, the world production of AC was estimated to be 375,000 tonnes, 
excluding at Eastern Europe and China (Mozammel et.al, 2002). Then, in 2002, the 
activated carbon production reached 200,000 tonnes per year in United States. The AC 
demands were increased over the year and market growth was estimated at 4.6% per 
year (Mozammel et.al, 2002).  
 
 AC is primarily acted as an adsorbent to remove and decrease the pollutant from 
wastewater. Nowadays, a lot of industrial companies are built up over the year. Thus, 
demands of AC become higher over the year too. It is because the environmental issues 
especially in term of water and air purification are increasing constantly as the 
development of the countries.   
 
 As noted earlier, when the demand of AC increase over the year, then the price 
of AC production also increase. It is because of the supplier of raw materials become 
decrease. Thus, new developments of AC by using the lower cost of raw material such 
as agricultural wastes are developed. EFB and PPF are listed among these low cost 
wastes.  
 
 Applications of AC in order to treat wastewater are expanded especially in 
pharmaceuticals companies, vegetable oils industries, paper and pulp industries and 
miscellaneous sector.  
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 Empty Fruit Bunch (EFB) and Palm Press Fiber (PPF) 
 
 EFB is one type of abundance agricultural waste which can be collected in palm 
oil mill. It got after the fruits are processed to be crude oil. Before the previous 
researchers found out the uses of EFB, this kind of lignocellulosic waste was only 
combusted in the incinerator. Other than that, farmers buy EFB from the mill to mulch 
or use the fiber as fertilizer to protect their plant especially oil palm trees. 
 
 Nowadays, the researchers found out the advantages of EFB uses. EFB could be 
used as raw material in producing paper and pulp. Other than that, with additional of 
polymer, EFB could be produced the composites. It is because of the suitability of 
EFB‟s constituents which shown in Table 2.1. Compound of EFB is mostly consists of 
lignocellulosic which contains both lignin and cellulose. Other than agricultural residues, 
sources of lignocellulosics are includes wood, water plants or in other term, it 
categorized as biomass (Rowell, 1992). 
 
 `PPF is one kind of agricultural wastes as similar as EFB. It also can be find at 
palm oil mills and also categorized as lignocellulosic materials. PPF can be obtained 
after the fruits are pressed by the machine to get its crude oil.  Palm-pressed ﬁber 
represents approximately 15 percent of the palm fresh fruit bunch processed (Lau et al, 
2006). In 2001, 9.21 million metric tons of palm-pressed fibers were produced by 
Malaysia palm oil mills.  
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Figure 2.1: Empty Fruit Bunch 
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Table 2.1: Chemical Constituents in EFB 
 
Constituent % of dry EFB Reference 
Khoo & Lee 1991 Law & Jiang 2001 
Extractives 3.7 ± 0.3 0.9 2.8 
Acid-insoluble 
lignin 
18.8 ± 0.3 17.2 17.6 
Ash-free-acid-
insoluble lignin 
17.8 ± 0.2 - - 
Ash 1.3 ± 0.2 0.7  
Hot-water soluble 7.5 ± 0.8 2.8  
1% NaOH soluble 14.5 ± 2.7 17.2  
Holocellulose 82.4 ± 1.4 70.0  
Cellulose 62.9 ± 2.0 42.7  
Hemicellulose 28.0 32.5 (Leh, 2002)  
Arabinose 2.5 ± 1.1 -  
Xylose 33.1 ± 2.6 -  
Mannose 1.3 ± 0.01 -  
Galactose 1.0 ± 0.0 -  
Glucose 66.4 ± 3.7 -  
  Singh et al.,                     1999 
Silica (EDAX) 1.8 (atomic) - 
Copper 0.8 ± 0.7 g/g 23 mg/l 
Calcium 2.8 ± 0.1 g/g 0.25% (CaO) 
Manganese 7.4 ± 0.4 g/g 48 mg/l 
Iron 10.0 g/g 473 mg/l 
Sodium 11.0 ± 0.4 g/g - 
 
Source: Law et al. (2007) 
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2.2 Main Components in Fiber 
 
2.2.1 Lignin 
 
 Lignin is formed by removal of water from sugars. It creates aromatic structures. 
Other than that, these reactions are not reversible. Additionally, there are many possible 
monomers of lignin, and the types and proportions depend on the source in nature.  
 
 
 
Figure 2.2: Monomers of Lignin 
 
Source: www.rpi.edu , 1996 
 
 Lignin is usually found in all vascular plants, mostly between the cells, but also 
within the cells, and also in the cell walls. It makes vegetables firm and crunchy. Other 
than that, it functions to regulate the transport of liquid in the living plant or partly by 
reinforcing cell walls and keeping them from collapsing, partly by regulating the flow 
of liquid, and it enables trees to grow taller and compete for sunshine (McCardy, 1991).  
 
 Because lignin is the strongest component of the plant cell wall, then, the higher 
the proportion of lignin the lower the bioavailability of the substrate (Richard, 1996). 
The effect of lignin on the bioavailability of other cell wall components is thought to be 
largely a physical restriction, with lignin molecules reducing the surface area available 
to enzymatic penetration and activity (Haug, 1993). 
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 It is resistant to degradation in nature, as being bond together with strong 
chemical bonds. Plus, it also has a lot of internal H bonds. It is bonded in complex ways 
to hemicelluloses or carbohydrate in fiber (McCardy, 1991). Even though lignin 
contains certain carboxylic acids, but it is not categorized as acid. Wood give out acids 
as it degrades, as similar as paper and board that contains lignin (McCardy, 1991).  
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2.2.2 Cellulose  
 
 Cellulose‟s empirical formula is (C6H10O5)n where n is show as degree of 
polymerization. It has high molecular weight and linear polymer of repeating beta-D-
glucopyranose units (Paperonweb).  
 
 Structure of cellulose is categorized as a long chain of linked sugar molecules 
that gives the remarkable strength of woods. In fact, it is the main component of plant 
cell walls, and the basic building block for many textiles and for paper (Senese, 2010). 
For example, cotton is the purest natural form of cellulose.  
 
 Additionally, cellulose is classified as a natural polymer, a long chain made by 
the linking of smaller molecules. The links in the cellulose chain are a type of sugar: ß-
D-glucose. In other term, cellulose also called as a polysaccharide that produced by 
linking additional sugars in the same way exactly. Other than that, the length of the 
chain varies from a few hundred sugar units in wood pulp to over 6000 for cotton 
(Senese, 2010). 
 
 Cellulose is the major component in the rigid cell walls in plants. It is a linear 
polysaccharide polymer with a lot of glucose monosaccharide units (Ophart, 2003). 
Humans are unable to digest cellulose. It is because the appropriate enzymes to 
breakdown the beta acetal linkages are deficient (Ophart, 2003).  
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Figure 2.3: Cellulose Structure  
 
Source:C. Ophart, (2003) 
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2.3 Characteristics of Adsorbent 
 
 An adsorbent is a substance, usually porous in nature and comprised with a high 
surface area that desire to adsorb substances onto its surface by intermolecular forces. 
Only at very low concentrations is the adsorption isotherm linear, at higher 
concentrations the adsorption isotherm may be Langmuir or Freundlich in nature (Scott, 
2008).  
 
 In fact, solutes can be distributed between adsorbent surface and a mobile phase. 
Thus, the adsorbents are used as a stationary phase in liquid-solid and gas-solid 
chromatography (Scott, 2008). In fact, adsorbents also could be used in extraction 
process in order to remove traces of organic materials from large volume of water.  
 
 Typical adsorbents that used in gas-solid chromatography are consist of silica 
gel, alumina, carbon and bonded phases. These are majority used in the separation of 
the permanent gases and the low molecular weight of hydrocarbon gases (Scott, 2008). 
While adsorbents used in liquid solid chromatography are mostly silica gel and various 
types of bonded phases (Scott, 2008). These adsorbents have a very wide of application 
areas.  
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2.4 Adsorption Process 
 
 Adsorption is a process that is influenced by a few factors which comprised of 
adsorbent, adsorbate and solvent properties. A solid has the porous structure. Its 
energetic heterogeneity and surface chemical properties are the main factor that 
influences adsorption equilibria (Marczweski, 2002).  
 
 The activated carbon‟s surface contains a lot of active chemical groups, part of 
which is dissociable ones (Marczweski, 2002). In term of adsorbate and solvent, the 
adsorption process depends on the differences between their chemical properties, 
structure and interactions in which mutual and with solid surface (Marczweski, 2002).  
 
 Basically, adsorption is a process where a solid or activated carbon is used for 
removing a soluble substance from the water. These types of process usually apply in 
ground water purification, the de-chlorination of process water, water purification for 
swimming pools and the polishing of treated effluent.  
 
 The process of adsorption described as the molecules from the liquid phase or 
gas phase will attached in a physical way to a surface. In this case, the surface is from 
the activated carbon (Lenntech, 2011).  
 
 The adsorption uptake is influenced by the concentration of substance in the 
water, temperature and the polarity of the substance. A polar substance is cannot be 
removed by activated carbon, while a non-polar substance can be removed totally by the 
activated carbon (Lenntech, 2011).   
 
 Adsorption and absorption is different. Adsorption happens when a substance is 
attached to the internal surface of activated carbon. Absorption happens when gas is 
taken in a solution or in a different medium.  
 
 
 
